We present and discuss IUE low dispersion spectra (1150-3200 À) of four dM and six dMe stars, together with spectra of the first 10 Balmer lines and the Ca n H and K lines. From these calibrated spectra, we extract absolute line fluxes and surface fluxes for emission lines formed in the chromospheres (T<20,000 K) and transition regions {T-20,000-200,000 K) of these stars. These data, together with data for four G-M dwarfs previously observed by IUE and the quiet Sun and solar plage regions, are intercompared to search for systematic trends. The Mg n resonance Unes are the strongest chromospheric emission Unes in dM stars and G-K dwarfs, but in the dMe stars the total emissions in the Ca n and Fe h Unes are comparable and emission in the Balmer Unes is several times larger than in Mg n. We find that the chromospheric radiative loss rates (and thus the heating rates) are typically 5 times larger in active (including dMe) than in quiet (including dM) stars, and that these rates decrease rapidly toward cooler stars. However, the fraction of the stellar luminosity that heats chromospheres for the chromospherically quiet stars appears to be constant over a wide range of effective temperature, and this fraction for the chromospherically active stars may increase a factor of 5-10 with decreasing effective temperature. By contrast, the fraction of the stellar luminosity that heats transition regions in active stars increases by a factor of 100 between solar plages and late dMe stars. A similar factor appears to be vaUd for coronae. Thus the process which heats stellar transition regions and coronae appears to be qualitatively different from that which heats chromospheres in G-M dwarfs. We find that the distribution of emission measure with temperature is similar to the quiet Sun in quiet G-K dwarfs and about one-third the quiet Sun value in dM stars. On the other hand, the distribution for active G-K dwarfs and dMe stars is similar to that of solar plages. Finally we note that the Balmer Une fluxes and Une profiles indicate large Une center optical depths, consistent with the models of Cram and Mullan, and we find evidence for variabiUty in dMe star active regions outside of flares.
I. INTRODUCTION
M dwarf stars are commonly divided into two groups, the dM and the dMe stars, depending upon whether Ha is in absorption (dM stars) or in emission (dMe stars).
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Abt (1974) have studied the relative numbers of each group as a function of spectral type. They concluded that the proportion of dMe stars among M dwarfs increases toward cooler stars until essentially all dwarfs cooler than M4 are dMe stars. However, recent observations reveal the presence of M dwarfs cooler than M5.5 that do not have Ha in emission (Liebert et al 1979; Giampapa, Liebert, Worden, and Hege 1981, private communication) . Many dMe stars like UV Cet and BY Dra are known to flare. Kunkel (1975) has reviewed the properties of these stars. Since some late K dwarfs have Balmer emission lines, we include in the categories dM and dMe those late K dwarfs that have spectral properties similar to the M dwarfs without and with Balmer emission Unes.
Since there are no known differences in the photospheric spectra and absolute magnitudes of dM and dMe stars of similar spectral type, the emission line characteristics of the dMe stars are probably a manifestation of differences in the chromospheres and higher-lying regions of the outer atmospheres of these stars. For example, Kelch, Linsky, and computed chromospheric models for the dMe star EQ Vir (dK5e) and the dM star 61 Cyg B (K7 V) to match the observed Ca n H and K emission line profiles and fluxes. They found that the chromospheric temperature gradient in EQ Vir is significantly steeper than in 61 Cyg B, and that the Ha line computed using these chromospheric models is in emission for EQ Vir but in absorption for 61 Cyg B, in agreement with observations. Cram and Mullan (1979) also found that computed Ha and higher Balmer Unes are changed from absorption to emission by changing the temperature distributions and thus the densities at chromospheric temperatures in their schematic chromosphere models.
Plage regions on the Sun, often called active 5 regions, are characterized by strong chromospheric emission lines that can be simply parameterized by steeper chromospheric temperature gradients (Shine and Linsky 1974) or by moving the middle chromosphere deeper into the atmosphere (Basri etal. 1979; Vemazza, Avrett, and Loeser 1981) . Both of these changes cause higher electron densities at chromospheric temperatures. Basri et al. (1979) have shown that plage models with the above characteristics fill in the solar Ha line and produce strong Lya emission. Since the fundamental difference between plage and quiet regions on the Sun is the large magnetic flux in plages, it is likely that the enhanced emission-line flux in plage regions compared to quiet Sun regions and in dMe stars compared to dM stars is due to enhanced chromospheric heating in regions with enhanced closed magnetic flux structures. This in turn produces the steeper rise in temperature with height and the displacement of the middle chromosphere deeper into the atmosphere where the densities are larger. In this picture the existence of large magnetic fields plays a critical role in determining the emergent chromospheric spectrum.
There is now ample evidence for large magnetic fields in dMe stars. Kunkel (1975) reviewed the so-called BY Draconis syndrome: low-amplitude sinusoidal light variations that occur in many dMe stars including BY Dra, YY Gem, CC Eri, and AU Mic. These variations, which can be as large as 0.5 mag in 5, are generally ascribed to rotational modulation of cool starspots, presumably regions of large magnetic fields, covering up to 20% of the visible hemisphere (cf. Worden 1975; Bopp 1974) . (For a critique of this scenario see Vogt 1975 .) The change in amplitude and phase (with respect to the times of eclipses in eclipsing systems) of this variability on time scales of years is analogous to the change in the number of spots and their location in latitude and rotation rate (due to the differential rotation) during the solar magnetic cycle. Robinson, Worden, and Harvey (1980) and Marcy (1980) measured magnetic fields in several G and K dwarfs with bright chromospheric emission lines. Mullan (1974) has argued on theoretical grounds that spots in M dwarfs can be far larger than sunspots and have fields of roughly 2X10 4 gauss. These large magnetic fields in dMe stars may be a consequence of their large angular momentum per unit mass (Bopp 1980; Carrasco, Franco, and Roth 1980) . Giampapa etal (1981) obtained high resolution Ca n H and K line profiles for four dM and three dMe stars. They found that the chromospheric radiative loss rates in the Ca n lines, [^(H^^XK)], are systematically larger in the dMe than in the dM stars, especially when the data are normalized to the bolometric luminosity of the stars by comparing the ratios R HK =[?P(]i) + ?P(K)]/<jr e 4 f . Giampapa, Worden, and Linsky (1982) have constructed chromospheric models for these stars using the Ca u data, and, in agreement with Kelch, Linsky, and Worden (1979) and Cram and Mullan (1979) , find that the dMe stars have enhanced densities at chromospheric temperatures compared to the dM stars. The models of Basri etal. (1979) and Vemazza, Avrett, and Loeser (1981) also show that solar plages have enhanced densities compared with the quiet Sun.
Prior to the Einstein Observatory, M dwarfs were detected in X-rays only during flares (Kahn etal. 1979; Heise e/a/. 1975) . Einstein has now detected quiescent coronal X-ray emission from a large number of M dwarfs. Haisch (1980) , for example, detected quiescent emission from Proxima Centauri (M5.5e V) with a surface flux of ~7X10 5 ergs cm -2 s~1 (about an order of magnitude larger than that of the quiet Sun) and r~4X10 6 K. Flares have now been observed by Einstein on Proxima Cen (Haisch etal. 1980) , YZ CMi (Kahler 1982) , Wolf 630 AB, and BD +44°2051 AB . In their Einstein Observatory/CîA Stellar Survey, Vaiana étal (1981) found that Proxima Cen has one of the largest ratios of X-ray to visual luminosity, L X /L K = 10 _124 , whereas Barnard's star, a non-emission-line M4 subdwarf, has an L x /L v ratio about a factor of 100 smaller . These preliminary data suggest that X-ray surface fluxes of dMe stars may be a factor of 100 times those of dM stars of the same spectral type. Consequently, Cram (1982) has argued that X-ray heating of the underlying atmosphere may play an important role in the energy balance of dMe stellar chromospheres.
In the ultraviolet spectral range available to LUE, 1175-3200 A, we can study a number of strong emission Unes formed at different temperatures in the chromosphere and transition region up to T-2X10 5 K. Published spectra of M dwarfs include those of Proxima Cen (M5.5e V) by Haisch and Linsky (1980) , EQ Peg (M3.5e V+M4.5e V) by Hartmann etal (1979) , YZ CMi (M4.3e V) and Proxima Cen by Carpenter and Wing (1979) , and HD 214479A (M2, le V) quiescent and flare, AU Mic (M1.6e V), and HD 202560 (MO V) by Butler etal (1981) . These observations demonstrate the feasibility of using IUE to observe a number of dM and dMe stars in order to study in detail the differences in the outer atmospheres of these two groups of stars. With such data one can derive detailed models for the outer atmospheres of these stars, as Simon, Kelch, and Linsky (1980) have done for e Eri (K2 V) and Simon and Linsky (1980) have done for two RS CVn systems, and begin to assess the energy balance and heating rates for the outer atmospheres of M dwarfs.
In this paper we present LUE spectra and fluxes for four dM and six dMe stars as the first survey of ultraviolet emission lines in M dwarfs. Parameters for the 10 stars observed in this program, together with EQ Peg observed by Hartmann etal (1979) and four comparison G and K dwarfs observed by Ayres, Marstad, and Linsky (1981) and Ayres and Linsky (1980a) , are listed in Table 1 . In this and subsequent tables, the stars are given in order of decreasing effective temperature and increasing V-R color. The star's most common name, in the first column, is followed by its number in Ghese's (1969) catalog, where one may find additional information including the parallax and absolute visual magnitude. The spectral types in the next column are based on both published and unpublished data and are discussed in the Appendix. The wide-hand V magnitudes and V-R colors have been taken from the publications cited at the bottom of the table except for the colors given in parentheses, which are explained in the Appendix. The angular diameters <i>' and the ratios f// of surface flux to observed flux have been computed from the photometry as described in § III below. We also tabulate an estimate of the effective temperature ^eff of each star based on the color of the infrared continuum as described in the Appendix. The last column of Table 1 gives remarks concerning duplicity, alternate designations, and chromospheric or flare activity. In the case of binary stars, the letters A, B, or AB following the Gliese number in Table 1 indicate which components were included within the IUE aperture, and the spectral classifications and photometry then refer to the same components. Although both components of £ Boo were included in the IUE aperture, the separation of the fainter component is 5" in the direction perpendicular to the dispersion, so that the measured line fluxes refer to component A only.
II. IUE OBSERVATIONS AND DATA REDUCTION
A description of the IUE spacecraft and its in-flight performance can be found in Boggess etal. (1978a, b) . Our observations were obtained with both the short wavelength (1175-2000 A) SWP camera and the long wavelength (2000-3200 À) LWR camera. All observations were obtained at low dispersion (spectral resolution about 6 À FWHM) through the 10 // X20" large aperture to include essentially all the stellar flux transmitted by the telescope. Table 2 is a log of the observations giving the IUE image number, date and time of the beginning of each observation, and exposure time. A number of the spectra were obtained in the time-trailed mode in which the star was trailed along the long axis of the slit (perpendicular to the dispersion) in order to obtain spectra as a function of time. Our intention was to obtain time-resolved spectra of flares, but we found no evidence of flares in our data (see § IIIc).
The first stage in the reduction of an observation was to construct a raw and a background spectrum. For the non-time-trailed data, we used the standard raw and background spectra located in the ESLO record of the data tapes provided by Goddard. For the time-trailed data, however, the raw spectrum was constructed by adding the response in all ESSR scan lines on the data tapes perpendicular to the dispersion within a band defined by the large aperture, and the background spectrum, due primarily to particle events, was constructed in a similar way, except that we used ESSR scan lines above and below the stellar spectrum outside the large aperture. We removed all obvious cosmic ray "hits" and reseau marks from the raw and background spectra by linear interpolation from unaffected adjacent portions of the spectra. Next, the background spectrum was smoothed by a 42 À running boxcar average and then subtracted from the raw spectrum. We then multiplied this net spectrum by the inverse sensitivity curve for the SWP camera or the inverse sensitivity curve for the LWR camera and divided by the exposure time.
We have added together individual spectra of the same star, weighting each spectrum by the exposure time. To do so, the individual calibrated spectra were expanded to a scale of 0.5 Á per pixel and then shifted No. 2, 1982 OUTER ATMOSPHERES OF COOL STARS 675 Fig. 1 .-Summed spectra of the 10 K-M dwarf stars we have observed with the SWP camera on WE. These spectra are calibrated in apparent flux units at the Earth and are sums of 1 -6 individual spectra weighted by the exposure times. Probable identifications of emission lines or blends are indicated. in wavelength to align the brightest stellar emission features. Comparisons of individual spectra of the same star taken sequentially suggest that aside from possible systematic errors in the IUE absolute flux scale, fluxes of the bright emission Unes may be accurate to ± 15% but fluxes of weak emission lines have much larger uncertainties. In Figure 1 we plot the summed SWP spectra, and in Figure 2 the 2500-3000 À portions of the summed LWR spectra. We o find no identifiable emission lines shortward of 2500 À or longward of 3000 Á in our LWR spectra. Wing (1979), Carpenter etal. (1980) , and Haisch and Linsky (1980) have presented preliminary summaries of some of these data.
The summed spectra in Figure 1 differ in quality. Our best-exposed spectra, like AU Mic and AT Mic, show many emission features well above the noise, but on our less well exposed spectra, like 61 Cyg B and HD 95735, it is often difficult to tell which of the many apparent emission features are real and which are particle events. We have identified in Figure 1 those emission features which we believe are likely to be real. We note that none of these spectra shows a photospheric continuum or an absorption-line spectrum, except perhaps at wavelengths longward of 1800 A, at the exposure times used in our program. We also note that C n À1335 and C iv À1549 are usually the brightest emission features in the dMe stars, but that these two features are not apparent in the dM stars HD 1326 A (Ml.3 V) and HD 95735 (M2.0 V). Instead, Unes or blends of C i, S i, Si i, and Si n appear to be brightest in these two stars.
The long wavelength spectra in Figure 2 show emission Unes superposed on what are probably photospheric absorption line spectra, which become more 676 LINSKY ETAL. Vol. 260 prominent in the hotter stars. The most prominent emission feature is the Mg n ÀÀ2796, 2803 blend which is partially resolved in some spectra. The Mg i resonance line at 2852 Á appears in absorption in some of the hotter stars (61 Cyg B, HD 1326 A, and HD 95735) but in emission in the coolest stars (YZ CMi and UV Cet).
Whether the line appears in absorption or emission may depend on the contrast with respect to the photospheric spectra. Also in emission in the cooler stars are Fe n UV multiplet 1 (2585-2631 Á), Fe il UV multiplets 32, 62, and 63 (2714-2762 À) , and Al n UV multiplet 1 at 2669 A. The broad o Fe il UV multiplet 1 feature appears as a triplet at 6 Á resolution in some of our spectra. The LWR spectra of Proxima were previously reported by Haisch and Linsky (1980) .
III. ULTRAVIOLET EMISSION LINE FLUXES Emission line fluxes were measured above the background consisting of scattered light and stellar photospheric continuum at wavelengths larger than about 1600 À. Errors in the emission line fluxes thus include contributions from the uncertainty in setting both the background level and the wavelength at which an emission feature merges into the background. This problem is especially important for weak lines.
Listed in Table 3 are the measured line fluxes at Earth for those lines or blends in which we feel that the observed flux is more accurate than a factor of 2. The strongest features are probably uncertain by ±15%. Data are given for the mean of all usable spectra of each of our 10 stars as well as for EQ Peg (Hartmann et al 1979) and for £ Boo A and e Eri (Ayres, Marstad, and Linsky 1981) . The data for Proxima are the sum of the observation of Carpenter and Wing (1979) and those of Haisch and Linsky (1980) . Identifications of the probable primary and, in some cases, secondary contributors to the observed emission features are based on the solar spectra of Burton and Ridgeley (1970) and Cohen, Feldman, and Doschek (1978) , as well as the spectrum
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-Summed spectra of the 10 K-M dwarf stars we have observed with the LWR camera on IUE. Only the 2500-3000 Â spectral region is plotted, as the regions at longer and shorter wavelengths do not contain identifiable emission features. These spectra are calibrated in apparent flux units at the Earth and are sums of 1-6 individual spectra weighted by the exposure times. Probable identifications of emission lines on blends are indicated.
of Capella (Ayres and Linsky 1980/?) for which wellexposed low and high dispersion spectra are available. The lines or blends identified in Table 3 are noted in the spectra (Figs. 1 and 2) by tick marks.
To convert observed fluxes to surface fluxes (line fluxes at the surface of the star) we need to know the stellar angular diameter. Barnes, Evans, and Moffett (1978) found that for (K-AE) 0 >0.80, the visual-band surface flux, ^v, is tightly correlated to the de-reddened stellar color index (F-Ä) 0 and obeys the linear relation
independent of spectral type and gravity. Pettersen (1980) showed that this relation predicts radii for M dwarfs within ~10% of those he derives from stellar parallaxes and bolometric luminosities. Using equation (1), we can express the log of the stellar angular diame- 
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and the ratio of surface flux to observed flux (/) as
Listed in Table 1 are values of V and V-R obtained from the literature as noted and the derived values of <t>' and assume no interstellar absorption for these nearby stars, and for stars hotter than (F-i^o^O.SO we use the corresponding formulae in Linsky etal. (1979) . For three targets (EQ Peg, AT Mic, and UV Cet) both components of the system were in the IUE aperture, and only combined photometry is available. The angular diameters and surface fluxes thus refer to the combined "star" in these cases. This may be a problem in understanding the UV Cet data as UV Cet is 0.5 mag fainter visually than the primary member in the GL 65 system.
We list in Table 4 surface fluxes for the stronger emission lines and blends in Table 3 using the ^//ratios listed in Table 1 . Also given for comparison are solar fluxes obtained near the minimum of the sunspot cycle (Rottman 198la, b) . The data are Usted roughly in order of decreasing temperature of formation. The Ca n H and K line surface fluxes are from our Reticon spectra described below or from Giampapa et al (1981) . Ratios of observed surface fluxes to quiet-Sun surface fluxes are given in Table 5 .
IV. OPTICAL OBSERVATIONS
We obtained optical photometry and spectra of many of the M dwarf stars in this program either simultaneous Vol. 260 with or close in time to our IUE spectra. These optical data consist of UBV photometry and spectra of the Balmer series, Na D, He i D 3 , and Ca u H and K Unes.
a) UBV Photometry
On the nights of 1979 September 7 and 8 (Days 250 and 251) and 1979 December 6 and 7 (Days 340 and 341), we monitored stars in three colors (£/, AE, and V) using the Kitt Peak National Observatory No. 2 0.9 m telescope. These data have 5 s time resolution. Our Cloudcroft Observatory observations for the nights of 1979 September 8, December 6, and December 7 were obtained with the 1.2 m telescope in the U band with 0.1 s time resolution. The IUE spectra with simultaneous photometry are noted in Table 2 . No flares were detected from AU Mic on September 8 at 0245-0745 UT or from AT Mic on September 7 0500-0800 UT.
On the night of 1979 December 7, however, we did detect flares from UV Cet and YZ CMi simultaneous with our IUE observations. UV Cet was observed from KPNO between 0310 and 0745 UT and from Cloudcroft between 0215 and 0800 UT. During this time, four flares were detected at KPNO and three of these are also present in the Cloudcroft data. YZ CMi was observed from KPNO between 0840 and 1315 UT and from Cloudcroft between 0940 and 1200 UT. We detected two flares from KPNO, one during IUE image SWP 7333. Data on these flares are given in Table 6 .
b) Reticon Spectra
On the nights of 1979 September 8 and 9 and 1979 October 26, we obtained spectra of several dMe stars in the blue with the Steward Observatory 2.3 m telescope, spectrograph, and Reticon detector system. These spectra cover the wavelength region 3500-4600 A with 3 A spectral resolution and 1-5 minute time resolution. This LINSKY ET AL, Fig. 3.-Spectra of the 3500-4600 À region obtained with the Steward Observatory 2.3 m telescope and Reticon detector system. The spectral resolution is 3 A and emission lines of the Balmer series and Ca n are indicated. detector system is described by Hege, Cromwell, and Woolf (1979) , and the spectra were calibrated in absolute flux units through repeated observations of Oke standard stars. Typically the apertures used were slightly larger than the apparent seeing disk. Since no flares were detected during these observations, we have summed the individual spectra, typically 3-6 for each star to provide mean quiescent spectra with high signalto-noise. Repeated observations of presumably nonvarying stars give us confidence that the absolute fluxes are rehable to ± 15%.
Our spectra of AU Mic, YZ CMi, UV Cet, and EV Lac in Figure 3 show bright emission lines of the Balmer series (Hy to H/c), the Ca n K line, and a blend of the Ca n H line with He, superposed on the weak photospheric absorption-line spectra of these stars. We list in Table 7 the observed fluxes for these Unes measured above zero, not above the local continuum. We note that the UV Cet data obtained on different nights differ by more than the absolute flux uncertainty, so that these emission line fluxes are variable even outside of flares. Also included in Table 7 are surface fluxes for the combined Ca n H+K lines and the sum of the Balmer series beginning with Hy. To separate the line fluxes of Ca n H and He, which are blended at the resolution of these data, we have interpolated the Balmer decrement to estimate the He flux. These values of the He flux do not differ greatly from the He flux that could be derived by assuming that the H and K line fluxes are equal. Surface fluxes were then computed from the 5//ratios in Table 1 (we estimate  ( $/f=3.05X  10 17 for EV Lac). For each star the surface fluxes in the Ca ii H + K lines and the Balmer series (beginning at Hy) are nearly equal, implying that the higher Balmer lines are important cooling agents in the chromospheres of dMe stars. We note that the surface flux for Ca n H+K in YZ CMi is a factor of 4 larger than obtained by Giampapa etal. (1981) , perhaps implying that a LINSKY ET AL. 
g a Surface fluxes computed using continuum fluxes from the model atmospheres of Mould 1976. b Surface fluxes computed using continuum fluxes extrapolated from the Reticon spectra and stellar angular diameters. c Fluxes at Earth estimated from surface fluxes and stellar angular diameters. d Fluxes at Earth estimated using continuum fluxes extrapolated from the Reticon spectra. e Highest resolution spectra using the long focus red camera. f The echelle spectra are of GL 65B (UV Cet) only. For GL 65B, 6.56(17). g These quantities are highly uncertain. much larger fraction of the visible hemisphere of the star was covered by active regions than when observed by Giampapa a/. c) High Resolution 4 Meter Echelle Spectra Using the Cassegrain echelle spectrograph on the 4 m telescope at Kitt Peak National Observatory, we obtained high resolution profiles of the Ha, Hß, and He i D 3 Unes for five dMe stars on the nights of 1979 September 7 and 8 (days 250 and 251) and 1979 December 6 and 7 (days 340 and 341). We present a summary of these data in Table 8 . These spectra typically have a resolution of 0.1-0.2 Á and exposure times of 17-57 minutes. Since no flares were detected during simultaneous photometry, these data refer to quiescent conditions in the stars. (Hß). However, spectra of AU Mic and UV Cet (on 1979 September 8) were obtained with the long focus red camera at higher dispersions of 2.24 A mm -1 (Ha), 2.95 Á mm -1 (D 3 ), and 3.79 À mm" 1 (Hß). These image intensified spectra were recorded on IIIa-J plates. We then scanned the plates with the KPNO PDS system using a 16 /xmX 16 jam aperture and digitizing every 8 jam. The densities were then converted to relative intensities with spot sensitometer plates that were made with LINSKY ETAL.
Vol. 260 a filter combination appropriate for the image tube that was used and then developed simultaneously with the spectroscopic plates.
Representative Singer camera spectra for AT Mic A, AT Mic B, YZ CMi, and UV Cet are shown in Figure 4 . Assuming a resolution element of 20 fim at the plate, the spectral resolution should be approximately 80 mA (Ha), 110 mÀ (D3), and 160 mÁ (Hß). At these resolutions and signal-to-noise, we see no evidence for self-reversals or asymmetrical Une profiles. For all of these stars the Na i Dj and D 2 lines are in emission in the cores of the photospheric absorption Unes, but the emission features are rather noisy due to their weakness and their lying near the end of an echelle order. Equivalent widths for Ha, Hß, and He 1 D 3 , measured with respect to the local continuum, are given in Table 8 .
Higher resolution Une profiles for AU Mic and UV Cet, obtained with the long focus red camera, are shown in Figure 5 . Again assuming a resolution element of 20 /im at the plate, the spectral resolution for these data should be approximately 45 mÀ (Ha), 60 mÀ (D lines), and 76 mÀ (Hß). At these resolutions the AU Mic Ha profile shows evidence for self-reversal and emission peaks that are not equally bright, and the Hß line appears to have a flat-topped profile. Both lines are thus likely to be optically thick. Worden and Peterson (1976) and Pettersen and Coleman (1981) previously found weak self-reversals in the Ha lines of dMe stars, and in a recent high-resolution survey of M dwarfs, Worden, Schneeberger, and Giampapa (1981) found that selfreversed Ha profiles are a general feature of dMe stellar spectra except for those stars that are spectroscopic binaries. In these instances, Worden, Schneeberger, and Giampapa (1981) attributed the lack of central reversals to the effects of rotational broadening. The Na 1 D line profiles are too noisy to interpret, and the He 1 D 3 line is in absorption. The UV Cet Ha Une is well exposed but is apparently Gaussian in shape. Equivalent widths for these lines are also included in Table 8 .
We estimate the Ha equivalent widths to be accurate to ± 13% from repeated observations of the same source on the same night. In some cases equivalent widths of OUTER ATMOSPHERES OF COOL STARS 685 No. 2, 1982 the same spectral features observed on subsequent nights are constant to the ±13% estimated error. Examples include all three measured Unes for YZ CMi on 1979 December 6 and 7 and the Ha line for UV Cet on 1979 December 6 and 7. On the other hand, the Ha equivalent widths for UV Cet on 1979 September 7 and 8 and the H/? and D 3 equivalent widths for UV Cet on 1979 December 6 and 7 are very different. We believe that the changes in Ha equivalent width from night to night are real, but the December UV Cet equivalent widths for D 3 are uncertain and those for Hß are very uncertain. In general, the Hß equivalent widths are less certain than those for Ha because of the weaker continuum in the green near Hß against which the Hß equivalent width must be measured. This problem is not as pronounced for the warmer stars like AU Mic (cf. Worden, Schneeberger, and Giampapa 1981) , but it is especially acute for the coolest star, UV Cet, for which the Hß equivalent widths are very uncertain.
We note that the Hß equivalent widths in Table 8 are 2-3 times larger than Ha. Since Worden, Schneeberger, and Giampapa (1981) also found similar Hß/Ha ratios for AU Mic and EV Lac but Cram and Mullan (1979) computed equal equivalent widths for the two lines, we believe that our observed Hß equivalent widths are valid and there must be some error in the way Cram and Mullan computed their equivalent widths.
We have attempted to calibrate the integrated fluxes of the Ha, Hß, and D 3 lines in two ways. The first involves stellar model atmosphere calculations to estimate the surface flux in the continuum adjacent to the emission Unes. For the Ha and D 3 lines, we used Mould's (1976) M dwarf models that include molecular opacity sources and blanketing by atomic Unes. The emission-line surface fluxes in Table 8 were obtained by multiplying the measured equivalent widths by the model continuum surface fluxes interpolated to the stellar effective temperatures listed in Table 1 . The major uncertainties in this approach are errors in the model calculations, stellar effective temperatures, and subjective definitions of the continuum level when measuring the equivalent widths. Since the Hß Une is at a shorter wavelength than the tabulated continuum fluxes in Mould's (1976) models and we are unfamiliar with other suitable models, we have extrapolated Mould's continuum fluxes to the wavelength of Hß. This is not a wholly acceptable procedure, and it yields Hß surface fluxes in Table 8 that could be uncertain by a factor of 2.
An alternative way of calibrating the Hß lines is to extrapolate the Reticon spectra from 4600 A, where the data end, to 4861 Â in order to estimate the stellar continuum flux at Earth. The observed Hß flux is then the measured equivalent width times the extrapolated continuum flux. These apparent fluxes are also Usted in Table 8 . Clearly this approach must contain considerable error as the continuum is difficult to define near 4600 Á (see Fig. 3 ) and increases rapidly to longer wavelengths. In order to intercompare these two methods of cahbrating the Hß data, we convert the Reticoncahbrated observed fluxes into Hß surface fluxes using the S 1 // ratios in Table 1 , except that we use < 3 r //= 6.56 X 10 17 for UV Cet since the echelle spectra are for GL 65 B (UV Cet), not the GL 65 binary. These Hß surface fluxes are Usted as column (10) in Table 8 . Since both methods of estimating the Hß surface fluxes are uncertain, we take the average of the surface fluxes derived in the two ways.
We note that the Hß surface fluxes are generally larger than or comparable to the Ha surface fluxes for the same star. This probably indicates large optical depths in the early Balmer Unes. Also the Ha and Hß surface fluxes are only a few times larger than the Hy surface fluxes and are comparable to the surface fluxes in the observed Balmer series (Hy-H/c). Cram and Mullan (1979) solved the coupled transfer and statistical equilibrium equations for five-level-plus-continuum model hydrogen atoms in a grid of schematic dMe star models including chromospheres and transition regions up to 5X10 4 K. Their calculations are consistent with our Balmer Une data in a number of ways. In particular, they find that for models with the Balmer Unes in emission: (1) r Ha^ 10 2 so that the first few Balmer Unes are optically thick, and (2) computed Ha profiles show weak central reversals, that is, slight dips at the line center of a bright emission Une. As previously noted, we suspect that there is some error in their Hß equivalent widths.
v. DISCUSSION a) Systematic Trends in Chromospheric Emission
Line Fluxes Strong chromospheric emission lines seen in our ultraviolet spectra are the Unes or blends of Si u, Mg n, Fe u, O I, and C i listed in Tables 4 and 5. The precise temperatures at which these Unes are formed in a stellar chromosphere are ill defined owing to a strong dependence on the detailed temperature structure in each star. If models for the Sun (Tripp, Athay, and Peterson 1978; Vemazza, Avrett, and Loeser 1981) and e Eri (Simon, Kelch, and Linsky 1980) are useful guides for M dwarf chromospheres, the Si n Mg u Une cores are formed in the middle chromosphere at temperatures of about 6500 K. The Ca n H and K Une cores are formed somewhat deeper at about 6000 K in the Sun (Vemazza, Avrett, and Loeser 1981), as is the C i À1657 blend (Shine, Lites, and Chipman 1978) . Giampapa (1980;  Haisch etal 1977) , it is not indicative of local conditions at any specific layer in the chromosphere. Other chromospheric emission lines of C i, S i, Si I, and Si n are present, especially in the cooler M dwarfs (see Fig. 1 ). The stars observed are ordered in Tables 4 and 5 from left to right as a sequence of decreasing effective temperature as measured by the V-R color index. These data show a clear trend of decreasing Mg n surface flux toward the cooler stars. Since the Ca n/Mg n ratios show no trend with 7 cff (the scatter in this ratio may be due to noncontemporaneous observations of variable sources), we feel that the Ca n/Mg n chromospheric radiative loss ratio is roughly fixed in chromospheres, as Linsky and Ayres (1978) proposed on the basis of the reasonable supposition that both sets of resonance lines are thermalized in typical stellar chromospheres. Since most other chromospheric emission Unes are generally much weaker than the Mg n lines, to a first approximation the total chromospheric radiative loss rate in emission Unes is proportional to ^(Mg n), the Mg n h and k line surface flux. We note, however, that the Fe n À2610 blend is comparable to the Mg n flux in both dM and dMe stars, and that the hydrogen Balmer line fluxes are brighter than Mg n in dMe stars. We will discuss the Balmer lines in § IV c.
The quantity ^¿^^(Mg ii)/a7 e 4 ff should thus be a relative measure of the fraction of the stellar luminosity that appears as chromospheric emission lines, except when the Balmer lines are bright. If the chromosphere is in steady state and only a small fraction of the chromospheric heating emerges in the continuum, then R hk should be a good relative measure of the chromospheric heating rate. (For a discussion of the difficult question of the importance of the H~ continuum as a chromospheric cooling agent, see Ulmschneider 1979; Ayres 1980; and Vemazza, Avrett, and Loeser 1981.) Listed in Table d are values of ^eff derived mainly from near-infrared photometry and the calibration of Ridgway, Worden, and Harvey (1980) . The R hk values are plotted as a function of ^eff in Figure 6 . In this plot "active stars" include the dMe stars, £ Boo A, e Eri, and typical solar plages (see Kelch, Linsky, and Worden 1979) . The category "quiet stars" includes the dM stars, a Cen A, a Cen B, and the quiet Sun. The R hk values generally scatter by less than a factor of 2 about a mean value of 1X 10~4 for dMe and hotter active stars, and they are somewhat more scattered about a mean value of 2 X10" 5 for the dM and hotter quiet stars. There is no clear variation with effective temperature in either group. These data imply that the fraction of the total stellar luminosity that goes into heating the chromosphere depends not on ■eff ' but rather on whatever quantity-presumably some property of the magnetic field-that is different between "active" stars (including solar plages) and quiet stars (including the quiet Sun).
We note that HD 95735 (M2.0 V) is the star with the smallest ^(Mg n) and R hk values. This star also has the smallest ÍP(Ca n) and R HK values among the M dwarfs studied by Giampapa et al. (1981) . Its spectrum (see Fig.  1 ) is not well exposed, but it appears to be dominated by Unes of S i, C i, Si i, and Fe n. By contrast, in the less extreme dM stars (61 Cyg B and HD 88230) the Unes of O i and Si n are more prominent compared to lines of S i, C i, Si I, and Fe n. The chromospheric spectra of the dMe stars are qualitatively similar to those of 61 Cyg B and HD 88230, but the surface fluxes in the dMe stellar lines are much larger.
We call attention to the result that the Fe n A2610/ Mg ii ratio is typically 0.6 in the M dwarfs. Since numerous other weaker Fe n features are presumably also present in our spectra, but difficult to measure, it is likely that the chromospheric radiative loss rate in the
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Fe ii lines is comparable to that in the Mg n resonance lines in M dwarfs.
b) Systematic Trends in Transition-Region Emission Line Fluxes In analogy with the solar atmosphere, we consider the transition region to be the layer between the top of the chromosphere (defined by optical depth unity in the core of Lya) and the base of the corona. There is little information available yet on the temperatures of M dwarf coronae outside of flares, but Haisch et al (1980) estimated T cor^4 X\0 6 K for Proxima, and we assume that M dwarf coronae have temperatures in excess of 10 6 K. The prominent transition Unes and blends are Usted in Tables 4 and 5 , and the approximate temperatures of formation are given in Table 5 (Hartmann et al. 1979) . Since the He u À1640 line may be formed by a photoionization-recombination process (e.g., Zirin 1975), the temperature of formation is ill defined and no estimate is given. In addition to the prominent transitionregion lines, the C m À1175 feature is seen clearly in AT Mic, and the O v À1371 line in AT Mic and YZ CMi. The Al m AA1855,1863 and Si iv AA1394,1403 doublets are resolved in a number of the better exposed spectra.
The strongest transition-region line present in our spectra is generally the unresolved C iv AA1548,1551 doublet. The only possible exceptions are HD 1326 A and HD 95735, for which only upper limits on the C iv flux are available, but these stars show no unambiguous evidence for any other transition-region lines in our spectra. Deeper exposures of these stars are needed to identify any transition region Unes that might be present. Thus, to first order, the transition region heating rate should be proportional to ÍF(C iv), the C iv surface flux, and R c ^^^(C iv)/a7^f should be a good relative indicator of the fraction of the stellar luminosity represented by the transition region heating.
The R Clv values are plotted in Figure 6 with respect to T eff for the active and quiet stars, as defined in § Va, separately. There are two important points that should be made. First, the active stars show significantly larger R c iv values than the quiet stars, especially for the cooler stars. Second, there appears to be a significant trend of increasing R C iv toward cooler ^eff in the active stars. Although the data are scattered, the increase in Rciv appears to be a factor of 100 between solar plages and M6e V stars (T eff^3 200 K). By contrast, R c IV is roughly independent of -^eff for the quiet stars. Thus in the active dwarf stars there is a huge increase in the fraction of the stellar luminosity that is represented by transition region heating as one goes to cooler ^eff> whereas there is no apparent increase in the fraction of the stellar luminosity that is represented by chromospheric heating. Since the stars observed are the same for the R hk and R c lv data sets and the SWP and LWR spectra were generally obtained at about the same time for each star, this conclusion must be genuine.
Another way of estimating the relative amounts of emitting plasma at different temperatures in different stars is by comparing the line surface fluxes, which are directly proportional to the emission measure over the range of temperatures at which individual Unes are formed. The ratio of line surface fluxes for a given star to those in the quiet Sun is thus the ratio of emission measures for the same temperature range between the two stars. We plot in Figure 7 surface flux ratios for six groups of stars compared to the quiet Sun. The stars are grouped according to their C iv ratios into three sets of dMe stars, the dM stars (61 Cyg B and HD 88230) for which C iv data are available, the active G-K dwarfs (i Boo A and e Eri), and the quiet G-K dwarfs (« Cen A and a Cen B). The two stars for which only C n and C iv upper limits are available, HD 1326A and HD 95735, are not included in any group in Figure 7 . Fig. 7. -Ratios of emission-line surface fluxes for six groups of stars and a bright solar active region relative to the quiet Sun. The stars are grouped according to their C iv ratios into three groups of dMe stars (AT Mic and YZ CMi; EQ Vir, EQ Peg, ÀU Mic, and UV Cet; Proxima), the dM stars (61 Cyg B and HD 88230), the active G-K dwarfs (£ Boo A and e Eri), and the quiet G-K dwarfs (a Cen A and a Cen B). Straight lines are drawn to indicate rough trends in the data for several groups of stars. The data for $ Boo A and e Eri are similar to those for a solar active region.
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Several conclusions can be drawn from the data shown in Figure 7 . First, surface fluxes of all lines in the sample of dM stars lie about a factor of 3 below quiet Sun values, and the quiet G-K dwarfs he very close to the quiet Sun values. This suggests that the distribution of emission measure with temperature in the chromospheres and transition regions of G-M dwarfs with weak emission lines is quite similar to that in the quiet Sun. Thus we might expect that these stars have few active (plage) regions or that the active regions on these stars are intrinsically fainter than solar active regions, but the data do not permit us to choose among these two alternative suggestions. The distribution of surface fluxes with temperature in the active G-K dwarfs (e Eri and £ Boo A) is similar to that of a bright solar active region (Hartmann et al 1979) . This similarity as well as the similarity of chromosphere and transition region models for these stars to a solar plage (Kelch, Linsky, and Worden 1979; Simon, Kelch, and Linsky 1980) suggests that the outer atmospheres of these stars might be similar to a solar plage. The detection of magnetic fields in these stars by Robinson, Worden, and Harvey (1980) and by Marcy (1980) reinforces this suggestion.
Most of the dMe stars have surface flux ratios that lie somewhat above those of a bright active region, but the trend lines have a similar dependence on temperature of formation. The surface fluxes of AU Mic and HD 214479 A measured by Butler et al (1981) are consistent with this result. Proxima appears to be an exception, with surface fluxes for the C n and C iv lines between those of the quiet Sun and a solar plage. We have included straight lines in Figure 7 to indicate trends in the data excluding the Mg n, Si n, and N v lines, but the distribution in relative emission measure with temperature need not be linear. The surface flux ratios for the Mg ii and Si n resonance Unes lie below the mean trends, perhaps owing to the large optical thicknesses in these lines. The N v surface flux ratios lie above the mean trend lines, perhaps because at 6 Á resolution the IUE spectra contain lines of C i, S i, and other species in addition to N v.
Estimates of the emission measure may be computed readily by assuming that the transition region is planeparallel homogeneous and that coronal equilibrium applies; that is, collisional excitation and ionization are balanced by radiative deexcitation and recombination. Pottasch (1963) showed that under these conditions EMf 1.75X 10 16^g eff /(G(7')> ' 
Here A, g eff , and/ are the abundances, effective Gaunt factor, and oscillator strengths, respectively, is the fractional abundance of the ionization stage being studied (Jordan 1969) , W is the ionization potential of that stage, and ^MAX is the temperature at which the function G{T) is a maximum.
We list in Table 9 emission measures computed for the C ii, C iv, and N v doublets using the same Gaunt factors and oscillator strengths as used by Cram, Giampapa, and Imhoff (1980) in their study of T Tauri stars. These emission measures generally pass through a minimum near 1X 10 5 K (C iv). In the Sun this minimum instead occurs close to 2X 10 5 K (N v), as shown by Pottasch (1963) and Dupree (1972) . Since even a Cen A, which is nearly identical to the Sun, also shows EM(N v)>EM(C iv), we suspect that the A1240 emission feature in the low dispersion IUE spectra contains significant contributions of lines other than N v. In any case, the relative distribution of the emission measures at 2X 10 4 K and 1.1 X 10 5 K are qualitatively similar to the quiet Sun but with multiplicative factors of up to 30 for the dMe stars and as small as 1 /3 for the dM stars.
We note parenthetically that our computed surface fluxes and emission measures are disk-averaged quantities. Thus the true surface fluxes and emission measures of the emitting regions may be greater, depending on the actual area coverage of the line-emitting active regions.
The soft X-ray flux may be a good relative indicator of coronal heating rates in M dwarfs if, in analogy with the Sun, the energy loss due to the wind is small and the conductive flux is comparable to the coronal radiative losses (Withbroe and Noyes 1977) . In their survey of stellar X-ray observations with Einstein, Vaiana et al (1981) find that the L x /L v ratio is more than two orders of magnitude larger in typical dMe stars than in solar active regions. Since bolometric corrections for late M dwarfs can be as large as a factor of 10, the increase in the fraction of the stellar luminosity that heats a stellar corona is probably in the range 10-100 between solar plages and late dMe stars. Thus the fractional heating rates for active dwarf-star transition regions and coronae depend on ^eff similarly, but both are very different from the ^eff dependence of the chromospheres. We conclude that the basic processes that heat active-star transition regions and coronae are the same among the G, K, and M dwarfs, but that a different process is the dominant means of heating G-M active dwarf chromospheres.
The He n A1640 (Ha) line blend is interesting because, unlike typical transition region Unes, it may be formed partially by recombination following photoionization by very soft X-rays (\<227 Á). Thus the He n line flux may be partially indicative of coronal rather than transition region parameters. The He n/C iv ratios in Table 4 Ayres et al. 1981 . h Vaiana. et al. 1981 Ayres et al. 1982. d Helfand and Caillault 1982. pothesis is valid, the coronal X-ray flux (and thus the emission measure of 10 6 -10 7 K plasma in M dwarf coronae) is approximately proportional to the transition region emission measures. This conclusion is consistent with the similar dependence of relative transition region and coronal heating rates with T eff as previously discussed. Cram (1982) , in fact, has suggested that the transition regions and chromospheres of dMe stars are heated by the absorption of coronal X-rays.
We can test the formation mechanism of the He n M640 feature by comparing soft X-ray fluxes and XI640 fluxes for the eight stars in common between the Einstein survey (Vaiana et al 1981; Helfand and Caillault 1982) and our IUE data. These data, given in Table 10 , indicate that f x /f\64o is 70-260 for the dMe stars, but significantly smaller for the G-K dwarfs and quiet Sun. In interpreting these data, however, we must recognize that the fluxes are likely to be variable and that the X-ray and ultraviolet data are not contemporaneous. Also the XI640 feature can be blended with Fe n XI640 and O i X1641 at low dispersion, although the a Cen A and a Cen B data are based on high dispersion spectra (Ayres etal. 1982) . Hartmann et al (1979) cite evidence that recombination is responsible for 30% of the He n XI640 flux in the quiet sun and 60% in active regions. Collisional excitation produces the remaining flux. On the other hand, Schindler etal (1982) present evidence that recombination is responsible for nearly all the quiet Sun He n X1640 flux. Hartmann etal (1979) estimate that /(40-60 Á)// 1640 -50, assuming coronal temperatures of 1-2.5X10 6 K. Since the Einstein IPC detector has a broader bandpass (0.25-4 keV), f x /f\64o should be larger than 50, but coronal temperatures higher than 2.5 X10 6 K should lower estimates of fx//i64o somewhat. Although detailed calculations are needed, we suspect that the f x /f\6Ao ra ô° f°r the dMe stars is probably consistent with formation of the He n XI640 feature primarily by recombination following Xray ionization of He + .
c) The Importance of Balmer Line Emission in the Chromospheric Energy Balance in dMe Stars
We include in Table 4 surface fluxes for the Balmer emission lines Ha-H/c (see Tables 7 and 8 ) in three dMe stars: AU Mic, YZ CMi, and UV Get. For UV Get we take the mean of the data over four days and assume the Hß flux to be the same as for Ha (see § IVc). As previously noted, the appearance of Ha in emission defines the class of dMe stars, and typically the higher members of the Balmer series are in emission when Ha is in emission. We call attention to our result that the surface flux in the Balmer series is much larger than that of Mg ii, by factors of 5 for AU Mic and YZ CMi and 17 for UV Get. For all three stars the Balmer line surface fluxes are larger than for all the other chromospheric Unes we have measured, and thus in dMe stars the Balmer Unes are the dominant source of radiative losses in spectral Unes from the chromospheres. This is a new and important result that is in strong contrast with the solar chromosphere, where the Ca n resonance Unes and infrared triplet and the Mg n resonance lines are the most important contributors to radiative cooling, where the net cooling by the Ha line is much smaller and effectively canceled by net heating in the Balmer continuum, and where the higher members of the Balmer series are negligible contributors to the heating (Vemazza, Avrett, and Loeser 1981) . In view of the weak near ultraviolet radiation field in M dwarfs, the Balmer continuum cannot be an important heating source in these stars.
Since the dMe stars show Balmer Unes in emission but the active G-K stars and solar plages do not, it is likely that the absence of a trend of R hk with ^eff in Figure 6 gives a false impression of how R C h r omo > the total chromospheric radiative loss rate normalized to ar e f f , depends on •^eff • We therefore include in Figure 6 our estimate of R C h r omo including the Balmer lines and Unes of Mg n, Ca n, Fe n, and O i for the three stars for which we have Balmer line data. Since the Balmer lines are unimportant for cooling the solar chromosphere, ^chromo^M f°r a active region. We therefore estimate that R C h r omo probably increases by a factor of 5-10 between T eff = 5770 K and 3200 K. However, the normalized transition region radiative loss rate for active stars increases by a factor of 100 between 5770 K and 3200 K, so that our previous conclusion that the relative amount of energy that heats transition regions comVol. 260 pared to chromospheres increases to the cooler stars is probably still valid.
d) Variability
We have searched for flares and other types of shortterm variability in AU Mic, AT Mic, and Proxima by taking series of time-trailed spectra, alternating between the two IUE cameras. Haisch and Linsky (1980) described this method and presented data for Proxima. They detected no evidence for variable flux above the noise in any emission line during an individual exposure or between individual exposures. However, their spectra were not well exposed and thus do not provide a good test of short-term variability. Since our individual AU Mic spectra are also not optimally exposed, we have not analyzed individual spectra but rather include the summed spectra in Figures 1 and 2 .
On 1979 September 7 we obtained a series of six SWP and six LWR spectra of AT Mic. Most of the spectra were time trailed, and we were able to measure fluxes for the N v X1239, G n X1335, G iv X1550, He n X1640, C i XI657, Si il XX1808, 1817, Fe n X2610, and Mg n XX 2796, 2803 features. These fluxes are plotted in Fig The brightest chromospheric features, Mg n and Fe ii, show variations in the range ±15%, which is probably within the range of measurement errors. However, the three brightest features formed at higher temperatures, C iv, C ii, and He n, show variations in the range ±30%, ±30%, and ±70%, respectively. We believe that these variations are far larger than reahstic measurement errors and very likely are real. Furthermore, the time behavior of the C iv, C n, and He n features are quite similar. Thus we believe we are seeing genuine variations in the flux of the higher temperature lines on a time scale of an hour but no measurable variation in the chromospheric emission lines. Since A¿~1 hour is very short compared with reahstic rotational periods, the flux variations cannot be explained by rotation of individual active regions on and off the disk. On the other hand, we detected no evidence for any flares in the time-trailed spectra that had a time resolution of about 5 min (LWR) or 9 min (SWP). As previously mentioned, AT Mic was continuously monitored photometrically between 5 h and 8 h UT with no flares detected. Thus the 1-hour time scale variations are most likely due to intrinsic changes in one or more active regions on the stellar disk. Butler et al. (1981) obtained an IUE spectrum (image SWP 1187) of AU Mic on 1979 June 9, about 3 months prior to our observations. We find that the observed fluxes for the four strongest lines (O i À1304, C n À1335, C iv XI549, and He n À1640) are 27 ±2% brighter in our composite spectrum than in the earlier spectrum. This difference may be indicative of the range of variability in the quiescent spectra of these stars.
Our Reticon and 4 m echelle spectra also show evidence for line flux variability. The fluxes of the Balmer and Ca n lines from UV Cet observed with the Reticon, for example, decreased by 35% from one night to the next. This change is far larger than our estimated absolute flux errors of ±13%. Also the Ha equivalent width and estimated surface flux for UV Get decreased about 35% from one night to the next in our 4 m echelle data. These changes indicate that the active regions on dMe stars are intrinsically variable and that one should compare fluxes obtained contemporaneously whenever feasible.
VI. CONCLUSIONS
Previous optical photometric and spectroscopic studies have revealed a number of interesting phenomena in the atmospheres of M dwarf stars that are generally ascribed to the presence of strong but variable magnetic fields in starspots and presumably elsewhere in plage regions across the surface of these stars. The aim of the present study is to obtain quantitative new information on the chromospheres and transition regions of M dwarf stars in order to determine how the outer atmospheres of dMe stars differ from dM stars and how they compare with the outer atmospheres of quiet and active G and K type dwarfs. To answer these questions, we have obtained IUE spectra of six dMe and four dM stars, together with ground-based photometry and spectroscopy of the Balmer and Ca n H and K lines. We detected no evidence for flares in these spectra, but we feel that the data warrant the following conclusions concerning the quiescent behavior of these stars:
1. IUE can obtain good-quality low resolution spectra of nearby M dwarfs, despite their faint ultraviolet continua, since these stars typically exhibit bright emission-line spectra. We find that these emission-line spectra resemble that of the Sun and contain emission lines formed in regions with temperatures of 4000-20,000 K that are presumably analogous to the solar chromosphere and in regions with temperatures of 20,000-200,000 K that are presumably analogous to the solar transition region. The qualitative appearance of the dM and dMe spectra are different, however, since the transition region Unes (like C iv À1550) are brighter than the chromospheric lines (like C i À1657 and Si n XI812) in dMe stars, whereas the reverse is true in the dM stars.
2. In the Sun the Mg n resonance Unes at 2796 and 2803 À are the strongest chromospheric emission lines and thus the single largest source of radiative cooling in the chromosphere. In the M dwarfs we find a more complex situation. The Ca n H and K Unes and the Fe n X2610 blend have surface fluxes comparable to or in some stars (EQ Vir and AU Mic) somewhat larger than those of the Mg n Unes. The hydrogen Balmer Unes are absorption features in dM stars but bright emission features in dMe stars. We find that surface fluxes in the Balmer emission lines (Ha-H/c) of AU Mic, YZ CMi, and UV Get are 5-17 times as bright as the Mg ii Unes and that the Balmer Unes probably emit more energy than all the other chromospheric Unes added together in these dMe stars. This is a new and important result concerning the chromospheric energy balance in dMe stars.
3. We divided our sample of stars into two groups: "active" stars (consisting of the dMe stars, £ Boo A, e Eri, and a typical solar plage) and "quiet" stars (consisting of the dM stars, a Gen A, a Gen B, and the quiet Sun). If we use the Mg n lines as relative indicators of chromospheric radiative loss rates, then we find that /^^^(Mg ii)/ar e 4 ff is relatively insensitive to T eff over the range 5770 K to 3200 K and that is typically a factor of 5 larger in the active stars than in the quiet stars. These data imply that the fraction of the total stellar luminosity that goes into heating the chromosphere does not depend on ^eff for G-M dwarfs, but depends rather on whatever quantity, presumably some property of the magnetic field, that is different between the active and quiet stars. Our determination that the Balmer Unes are the dominant radiative coohng transi-LINSKY ETAL.
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lions for dMe stars but not dM stars results in a factor of 5-10 increase in the normalized chromospheric radiative loss rate for active stars between r eff =5770 K and ^eff = 3200 K, but it does not otherwise modify this conclusion. 4. The C iv À1550 blend is the brightest transition region Une in G-M dwarfs and is thus a good indicator of the relative radiative loss rates between different stars. We define R c IV = ? r c i V / a^f f consider the same sample of active and quiet stars. We find that Rq iw for the quiet stars is also roughly independent of ^eff and about a factor of 100 smaller than R hk . Thus for quiet stars the fraction of the total stellar luminosity that is represented by transition region heating is independent of ^eff and is about 1% of the corresponding fraction for chromospheres. On the other hand, R c lw increases a factor of 100 between a solar plage (T eff = 5770 K) and the coolest dMe star (T eff =3200 K). Thus for active stars the normalized heating rates of transition regions and chromospheres depend quite differently on ^eff • This is an important new result that must be considered in any theory of nonradiative heating.
5. Emission-hne surface fluxes are proportional to the emission measure over the range of temperatures at which the Unes are formed. We find the following trends of stellar emission measures with temperature between 4000 K (C i X1657) and 200,000 K (N v XI240). The dM stars have emission measures roughly one-third those of the quiet Sun, and the quiet G-K dwarfs have emission measures comparable to those of the quiet Sun, over the 4000-200,000 K range in temperature. Thus the relative amounts of material in the chromospheres and transition regions of these stars are 3 times less than or similar to the amounts in the quiet Sun, respectively. On the other hand, the active G-K dwarfs show a trend of emission measure with temperature very similar to a solar plage and the dMe stars he above and parallel to the plage EM(T) curve. These data are consistent with the idea that the active star chromospheres and transition regions are similar to solar plages or that the surfaces of active stars are covered in part with active regions significantly brighter than typical solar plages. In either case, we expect that the outer atmospheres of active stars consist in large part of closed magnetic flux tubes.
6. We find that for the dMe stars the Ha and Hß Une fluxes are similar and the Ha profiles are self-reversed or flat-topped, suggesting large optical depths in the first few members of the Balmer series. Cram and Mullan (1979) find similar results from their schematic dMe star models.
7. Although we found no evidence for flares in our ultraviolet spectra, we did find evidence for low amplitude variability. During an 8 hour sequence of IUE spectra of AT Mic, we found that fluxes of the brightest chromospheric Unes (Mg n 7* and k 9 Fe n X2610 blend) were constant to within the uncertainty of IUE data, but that the brightest transition region Unes (C iv X1550, C il XI335, and He n XI640) showed fluctuations as large as 70% and varied in phase with each other. We beheve that the flux variations are genuine and indicate changes in the active regions on the disks of these stars, on a time scale of 1 hour. We also found day-to-day changes in the Balmer line and Ca n H and K line fluxes inUVCet.
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APPENDIX SPECTRAL TYPES, COLORS, AND EFFECTIVE TEMPERATURES OF PROGRAM STARS
The spectral classifications, V-R colors, and effective temperatures that we have adopted for the stars considered in this paper are listed in Table 1 . Since these values depend to a large extent upon unpublished data, we discuss their sources in this Appendix.
Narrow-band near-infrared photometry of more than 100 M dwarfs, including all of the M-type stars discussed in this paper, has been obtained by Wing and Dean (1982) . This photometry, which is on the eightcolor system of Wing (1971) , provides a measurement of the strong TiO band near 7100 Á and several measurements of good continuum regions. Color temperatures are derived from blackbody fits to the calibrated continuum fluxes. Most of the program stars have been observed 3 or more times with consistent results.
The spectral classifications adopted for M stars are based on the photoelectric TiO measurements. These types have an internal precision of ±0.1 subtype, and as has been shown by Wing and Yorka (1979) , they are on the same numerical scale as the revised MK types established for dwarfs by Boeshaar (1976) . The letter e has been affixed to the classification of stars known to show Ha in emission, and the luminosity classifications of dwarfs on the eight-color system are based upon the weakness of the infrared CN bands. For the G and K stars, standard MK spectral classifications have been
